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QUARTERLY  PROCRESS  REPORT  i»2 

Birmingham  Ordnance  Contract  DA-01-009-ORD- 1023(E)  *  Pitt  1,  entitled, 

"A  Study  of  the  Decomposition  Mechanism  of  Ammonium  Perchlorate" 

For  tha  parted:  1  July  to  1  October  1964 
1.  Introduction 

This  study  oE  the  decomposition  of  ammonium  perchlorate  (hereinafter 
abbreviated  AP)  upon  the  application  of  heat  is  employing  differential 
thermal  analysis  (DTA)  to  obtain  the  data  needed  for  the  evaluation  of 
activation  energies,  reaction  orders  and  mechanisms. 

In  quarterly  report  #1  we  described  the  process  of  DTA  end  developed 
the  mathematical  treatment  of  the  w-oanurnd  data  which  would  yield  the 
desired  quantities.  Also,  chare  was  reviewed  and  sumnarlaed  the  current 
published  thoughts  regarding  the  changes  which  transpire  as  AP  is  heated 
from  25  to  4sowC..  Four  distinct  changes  are  racogniswd.  These  ora  an 
endothermic  crystal  transformation  (about  240°C),  an  endothermic 
sublimation  proc.esr.  (24?-34?°C) ,  «  low  temperature  exothermic  decomposition 
(below  350°C)  and  the  large,  exothermic  high  temperature  decomposition 
(above  350°C) , 

Using  DTA,  the  peak  temperature  (T  )  for  each  of  these  processes  is 
measured  as  a  function  of  the  rate  of  heating  ('f'),  A  plot  of  ln(  V/T  *) 
vs.  1/T  ther  should  give  a  straight  line  plot  where  the  slope  of  tha  plot 
is  (-)E/R,  E  being  the  activation  energy  of  the  change  and  R  is  the 

universal  gas  constant, 

2  ■■  Current  .Efforts 
(a)  Souinmejvt 

l>; r } .'!)>  the  period  of  this  report  work  first  vns  expended  on 
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procurlng  end  assembling  the  DTA  equipment. 

The  F  &  M  Model  2AQM  Proportional  Power  Proportioning  Temperature 
Prog r offer,  purchased  new  from  the  manufacturer,  on  receipt  waa  found  to 
be  defective  and  repair  to  faulty  wiring  caused  delay  in  piecing  it  in 
operation. 

The  Kcsalcy  Model  2  X-Y  recorder  received  from  a  Government 
Surplus  warehouse  In  California  was  non -operative  and  much  time  was 
concurred  in  determining  ;v:d  replacing  faulty  components. 

Fig.,  £1  vc  a  block  diagram  aborting  the  components  of  the  DTA 
equipment  being  used  and  their  rr  atio;uihips.  The  heater  and  block  are 
shown  in  snore  detail  in  Figs..  2(a)  end  (b).  These  were  constructed  In 
our  own  shop".  - 

The  use  of  the  Svrgent  SI*  recorder  is  to  follow  the  heating  rate 
so  that  it  can  be  known  with  certainty  at  each  pea’:  temperature  on  the  DTA 
plot.  Such  la  necessary  an  experience  has  demonstrated  that  the  setting 
on  the  temperature  prograwer  is  only  approximate. 

Into  the  block  are  inserted  two  glass  sample  holders  as  pictured 
in  Fig..  #3.  Those  hold  the  AT  (sample  cell)  and  Al^O^  (reference  cell). 
After  the  sample  and  reference  materials  are  pieced  into  the  respective 
holders  and  tamped  into  place,  the  thermocouple  probe,  containing  the 
Chrome l -Con stan tan  thermocouple,  la  then  pushed  through  the  center  of  the  ’ 
material.  These  thcrnsoccuplnu  transmit  signals  to  the  y-axia  of  the 
recorder.  Another  thermocouple  in  the  block  transmits  a  signal  to  the 
x-axls.  A  correction  terra,  experimentally  determined,  must  be  algebraically 
added  to  this  to  obtain  the  temperature  in  the  center  of  the  reference. 

It  was  found  that  the  recorder  would  not  function  prop nr ly  if  an  attarpt 


:<t'  v  ,  ,  . 
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w as  made  to  record  the  signal  from  the  reference  thermocouple  on  the 
x-axia  simultaneously  with  the  signal  from  the  voltage  difference  being 
recorded  on  the  y-axis. 

The  side  ura  on  die  sample  holder  (Fig*  #3)  allows  the  sample* 
while  being  heated,  to  be  subjected  to  vacuum*  noratal  atmospheric  pressure 
or  Increased  presoura  of  an  unreactlve  gas  such  as  nitrogen* 

(b)  Material 

The  AP  ufied  in  the  runs  reported  herein  was  obtained  from  the 
C.  Fredrick  Smith  Chemical  Co.  of  Columbus  22,  Ohio*  Is  Item  £3  In  their 
catalog  and  Is  cla.iolfled  as  reagent  grade.  When  used  from  their  bottle 
without  further  treatment,  it  will  be  listed  as  stock  material.  The 
materiel  was  kept  In  &  desiccator  over  to  Insure  no  moisture  being 

absorbed.  In  an  effort  to  obtain  particles  of  AP  of  different  sizes 
the  stock  material  was  screened  through  two  stainless  steal  wire  mesh 
sieves.  That  retained  by  U.S.  40  mesh  will  be  called  coarse,  that  retained 
by  U.S,.  CO  mesh  will  be  designated  medium  while  ell  passing  through  the 
SO  meah  will  be  tanned  fine. 

(c)  Results 

before  coraaenclng  DTA  runs  with  AP  we  desired  to  know  and  have 
confidence  in  the  performance  of  our  equipment.  Samples  of  ammonium 
nitrate,  benzoic  acid,  nedium  nitrate  and  silver  nitrate  were  studied  and 
the  values  for  changes  compared  to  thoos  quoted  In  the  literature 
article  of  Earctod  (Am.  Mineralogist.  37.  667  (52)).  The  following 
table  shows  our  results  and  it  Is  felt  that  most  of  the  determined  values 


agree  within  reasonable  limits  to  those  quoted  in  the  literature 


Compound 

Chonee 

T 

Literature 

a 

*  4l Lisin 

:  lQ%ln 

nh4no3 

Inversion 

32  °C 

39.1 

42.8 

38.3 

NH4N03 

Inversion 

85 

82.4 

87.3 

63.5 

nhano3 

Inversion 

125 

124.3 

125.4 

127 

KH4K03 

Fusion 

170 

166.8 

166 

169 

Benzoic  acid 

Fusion 

121.8 

123 

123 

123 

NaN03 

Fusion 

314 

306 

306 

308 

AgN03 

Inversion 

160 

163 

164 

168 

AgN03 

Fusion 

212 

208 

208 

209 

During  this  period  we  have  made  52  separate  DTA  runs  on  AP 


samples  at  various  heating  rates  and  under  either  atmospheric  pressure 
or  partial  vacuum, 

Instead  of  recording  all  the  erperimental  curves  obtained  the 

data  will  be  presented  in  tabular  form.  In  Fig.  #4  we  have  recorded  a 

typical  DTA  plot.  Curve  (A)  i3  for  AP  vs.t  air  while  being  heated;  (B) 

represents  AP  vs,  partial  vacuum.  On  curve  (A)  reading  from  left  to  right 

four  peaks  may  be  found  and  will  be  numbered  ns  shown.  Peak  #3,  an 

endothermic  peak  in  noted  only  when  stock  or  coarse  material  was  heated. 

An  seen  in  the  (3)  curve  of  Fig.  #4  only  three  peaks  era  noted. 

In  the  following  tobies,  first,  is  indicated  which  peak  temperature 

was  being  measured,  the  type  of  AP  heated  and  the  atmosphere  above  the  AP. 

The  columns  then  show  our  sample  no.,  the  weight  of  AP  added 

to  the  sample  tuba,  the  peak  temperature  in  degrees  Centigrade  and  Kelvin, 

the  rate  of  heating  in  degrees  per  minute  as  determined  from  the  S.R. 

iccorder  plot,  the  pook  temperature  in  °K  squared,  the  ratio  of  the 

o 

besting  rate  (f)  to  T  ,  the  reciprocal  of  the  and  finally  the  natural 
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logarithm  of  Che  ratio.  On  a  separate  plot,  numbered  to  correspond  to 

2 

the  table  number  is  the  graphical  plot  of  ln( f /T  )  va.  1/T  for  a 

m  ■ 

•elected  few  of  the  tables.  By  estimation,  the  beat  atralght  line  has 
been  constructed  through  the  plotted  points  and  the  slopes  determined. 
Multiplying  these  slopes  by  the  value  of  R  (1.99  cal  deg  \aole  *)  gives 
the  activation  energies  summarized  in  Table  18. 

\  1 

At  this  tire  we  feel  that  insufficient  data  has  been  collected  / 
to  atterapt  to  draw  any  conclusions.  Such  will  be  a  part  of  later 
discussions. . 

No  attempts  have  been  made  yet  to  determine  reaction  orders  from 

these  data, 

(d)  Present  Plana 

Efforts  now  continue  on  measuring  the  DTA  diagrams  of  AP 
decomposition,  where  the  three  particle  sizes  are  run  under  a  nitrogen 
atmosphere  to  Minimize  the  subliisntlon  process.  Our  next  stop  will  be 
to  make  measurements  with  various  catalysts  added  to  the  A?  to  determine 
what  possible  effect  such  catalytic  ogentn  may  have  on  activation  energy 
cuignitudes. 
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Materials  Medium  NH.  CIO  }  Peak  #4  (exothermic )j  Heated  va.  atmosphere 
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Material  i  Fine  NH^CIO,  j  Peak  fth  (exothermic )j  Heated  atmosphere 
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TABLE  XVIII 


Sample 

Atmosphere 

Peak 

No. 

Slope 

Activation 
energy  in 
cal. /mole 

Stock  AP 

air 

1 

-37  oO 

73.6 

Stock  AP 

air 

2 

-  9o7 

18.2 

Stock  aP 

air 

3 

-15„0 

29.8 

Stock  AF 

air 

4 

*25,8 

51 .3 

Soarss  AP 

air 

X 

-11,9 

23.7 

Coarse  AP 

air 

2 

-40  o0 

79.6 

Coarse  AP 

air 

3 

Coarse  AP 

air 

.■? 

4 

-70  o0 

139.3 

Medium  AP 

air 

i 

-54o3 

108.0 

Medium  AP 

air 

2 

-15,86 

31.6 

Medium  AP 

ac.r 

4 

-*84,6 

168.4 

Fin*  AP 

air 

1 

-45.0 

89.6 

Fine  AP 

air 

2 

-•»- 

Fine  AP 

air 

4 

-18.3 

36.4 

Stock  AP 

vacuum 

1 

-60.0 

» 

119.4 

Stock  AP 

vacuum 

2 

-  7.7 

15.3 

Stock  AP 

vaewsn ' 

3 

-20.0 

39.8 
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insufficient  data  from  which  to  main  tho  calculation* 


Plot  *r 


